The present investigation was undertaken to determine whether toxic concentrations of iron and aluminum salts would produce a similar pathological condition in corn.
With this object in view, a study was made of the effect of the composition of the nutrient solution upon the toxicity of sulphuric, nitric, and hydrochloric acids and of their corresponding salts with iron and aluminum.
Historical Review
Some investigators of the toxicity of aluminum sails believed that the toxicity is due largely to the acid liberated in the hydrolysis of the salts. Abbott, Conner, and Smalley ('13) investigated the effect of aluminum nitrate and nitric acid on field corn. Their results indicated that nitric acid is as toxic as the same normality of aluminum nitrate. They [ The Journal for January (9: 1-46) was issued February 21, 1922.] 47 [Vol. 9 concluded that the toxicity is due to the hydrolysis of the aluminum salts with the accompanying liberation of nitric acid. Miyake ('16) has compared the effect on rice seedlings of the same normality of aluminum chloride and hydrochloric acid. The toxicity of these two solutions w r as not greatly different.
The H-ion concentration produced by the acid was three times as great. This indicated that the toxicity must be due to something other than the H-ion concentration. A similar conclusion w r as reached by Hartwell and Pember ('i8) ('u) states that the various soluble inorganic salts of the same metal are of about equal toxicity.
Rothert ('06) has shown that this may not be strictly true for aluminum salts.
Aluminum chloride was found to be much more toxic to corn than the sulphate. The toxicity of the salts was also dependent upon the method of application.
They were most toxic when used alone in distilled water; less toxic in Knop's solution ; and least toxic in soil cultures.
The toxicity of iron salts, particularly of the ferrous salts, w r hen present in excess, is well known. Hartwell and Pember ('08) determined the effect of ferrous sulphate upon the growth of rye and barley. Katayama ('06) found that a concentration of ferrous sulphate of less than 0.01 percent stimulated the growth of barley. Higher concentrations were toxic. Clover, according to Rupprecht ('15) by Awatsu ('14) , to an abnormal stimulation of the physiological activities.
The ferrous salts produce the greater effect on these activities. Maquenne and Demousy ('20) Duggar ('20) has noted that corn grown in Shive 's solution becomes chlorotic. The efficiency of ferric and ferrous phosphate has been compared by Corson and Bakke ('17) . They secured the best yield with the ferric salt. Shive and Jones ('21) The H-ion concentration for the solutions was determined by means of the Lubs and Clark (Clark, '20) During this period the average daily loss from the white and the black atmometer was 11.4 cc. and 13.6 cc. respectively. ('21) and Gile and Carrero ('20 In the solution cultures, the roots were barely able to penetrate a solution of 0.0006 N, no secondary roots formed, and the root tips were frequently swollen and recurved. Nevertheless, the roots were able to absorb sufficient material to produce a stunted growth. The poor development of the roots in the higher concentration probably accounts to some extent for the tendency of chlorosis to be associated with aluminum injury. It is likely that the capacity of aluminum salts to antagonize the action of iron salts, as has been noted by Stoklasa ('18&) , may be the most important factor.
The effect of aluminum salts on root development described above is similar to that noted by Rothert ('06) Some interesting suggestions as to the possible cause for this peculiar action of aluminum «alts may be found in the studies of Stoklasa ('18a, b) , Berthelot and Andre ('95) , and Meurer ('08 [Vol. 9 percentage of the ash of the roots than of the tops. They concluded that aluminum after absorption is fixed and thus rendered immobile. Stoklasa ('18a) In the present investigation no evidence has been found to confirm Rothert's statement that aluminum chloride is more toxic than aluminum sulphate. There is some indication of a slightly greater toxicity of the aluminum nitrate.
The H-ion concentrations of solutions "A" and "H" are slightly below those which Duggar ('20) has given as the optimum for corn. The slight indicates that an initial acidity above pH 3.7 in solution "H," above pH 3.6 in solution "A," and above pH 3.6 This feature is clearly shown in Plate IV, figure C. The difference in development is in harmony with the favorable effect of sulphates on the root development of certain plants which has been noted by Tottingham and Hart ('15) . In solution "A," as shown in figure 3 , the sulphuric acid gave a better yield of the tops than did the other acids. This is most marked with a concentration of 0.001 N. The relative yields reported in this paper, indicating the effects of the various concentrations of the acids in solution "H" on corn, are very similar to those given for wheat, barley, and oats by Hartwell and Pember ('07 ('20) , Salter and Mcllvaine ('20) , and Feb., 1922] ARNDT -THE GROWTH OF FIELD CORN 65 Hoagland ('19 (Miyake, '16) and barley (Hartwell and Pember, '18; Conner, '21 
EXPLANATION OF PLATE IV

